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@ Ion beam Implantation method and apparatus for particulate control. 

@ An ion beam implanter (10) having a remote 
ion beam collector (120) to reduce particulate 
contamination in the region of the implant 
chamber. A resolving magnet (14) is activated 
during implantation to bend ions that exit a 
source to a trajectory leading to an ion implan- 
tation chamber (22). By de-activating the resolv- 
ing magnet when not implanting, ions from the 
source follow a linear path to the ion beam 
collector. 
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Field of the Invention 

The present invention concerns an ion implanter 
for treating, oneormore workpieces with an ion beam. 
One typical use for an ion implanter is for doping a sili- 
con substrate or wafer to form a semi-conductor ma- 
terial. 

Background Art 

Ion implanters having different ion beam geomet- 
ries are known in the prior art. Such ion implanters 
cause ions from an ion source to be accelerated to 
high-energies and impact one or more wafers posi- 
tioned within an implantation chamber until a control- 
led implant dosage is achieved. Generally, wafers are 
implanted only about one third of the time the ion 
source is generating the ion beam. The remaining 
time is spent in moving wafers to and from the implan- 
tation chamber and performing other steps to prepare 
the implanter for ion implantation. This means that for 
considerable time periods the ion beam is collected in 
a Faraday cup which is placed in the ion beam path 
in close proximity to the implantation chamber. As the 
ion beam impacts the Faraday cup it causes the bom- 
barded material to disintegrate. Ion sputtering at the 
regk>n of the Faraday cup also contaminates other 
components of the ion implanter necessitating 
periodic beam shut-down and component replace- 
ment or cleaning. 

With the move to ever finer design rules in semi- 
conductor fabrication, the issue of contamination of 
the wafer by particles during implantation ("particu- 
late" contamination) becomes an increasingly signifi- 
cant problem. For example, the present specification 
for an advanced implanter can require that less than 
8 particulates of 0.3 micron size or larger be added to 
a 20cm diameter wafer during the implant cycle. It is 
important to limit the number of particulates generated 
in the beam line, since these can be transported to the 
wafer region by the ion beam or by pumping and vent- 
ing procedures. It is consequently important to keep 
the regions close to the process or implantation cham- 
ber as free of particles as possible. 

The ion source is not turned off when ions are not 
treating wafers, it takes a considerable amount of time 
to readjust the source each time it is shut down so that 
instead, the ions are directed into the Faraday cup. It 
has been proposed to shut down the ion source during 
wafer handling and other non-implant intervals. Such 
proposals are not practical at the present stage of 
source development, however, and may not be the 
most efficient way to avoid the problems accompany- 
ing ion sputtering onto implanter surfaces. 

In the typical ion implanter, a source emits ions 
which are accelerated and move along an initial 
trajectory leading to a beam-resolving magnet. The 
magnet bends the ion beam, causing ions emitted by 



the source to follow a specific trajectory. Downstream 
from the magnet the ions may be further accelerated 
to a desired implantation energy and directed into the 
implantation chamber. Ions emitted from the source 

5 having an inappropriate mass follow trajectories in the 
magnet that remove them from the primary ion beam. 
These ions strike implanter walls upstream from the 
ion implantation chamber. Ions having the appropriate 
mass either impact the wafers during implantation or 

10 are otherwise directed into the Faraday cup that is 
moved into the ion beam just upstream from the ion 
implantation chamber. 

Disclosure of the Invention 

15 

The present invention concerns method and 
apparatus for managing an ion beam and has particu- 
lar use in an ion implantation system. When target 
workpieces are not being treated the ion beam is con- 

20 trolled in a manner to reduce implantation chamber 
contamination and also reduce the frequency of repair 
and maintenance of the implantation system. 

One well-known use for an ion implantation sys- 
tem is for doping silicon wafers to provide semi-con- 

25 ductor materials. The so-called dopant ion is emitted 
from the source, accelerated, and caused to impact 
the silicon wafer material after the beam has been 
mass resolved by an analyzing magnet. This magnet 
causes ions having an appropriate mass to follow a 

30 beam path to the ion implantation and causes other 
ions to exit the beam path before reaching the ion 
implantation station. The ion source produces ions 
having different masses, yet only one specific ion 
mass is desired for implantation so the analyzing 

35 magnet separates inappropriate mass ions from the 
primary beam. 

One or more workpieces are supported at an ion 
implantation station for beam treatment. During those 
periods when ion implantation is not taking place, for 

40 example, when wafers are being loaded or unloaded 
at the implantation chamber, a control means coupled 
to the analysis magnet changes the field in the mag- 
net so that the primary beam is no longer directed 
along the path towards the process or implantation 

45 chamber. By this change in beam path, the usage of 
the Faraday cup located just before the process 
chamber is dramatically reduced. 

The easiest change in the magnetic field is to 
remove it so that the beam is undeflected by the mag- 

50 net. In certain instances due to the geometry of the 
implanter, however, it may be impractical to have the 
beam undeflected and a modest deflection could be 
used. When the beam analyzing magnet is so adjus- 
ted, ions firom the source are intercepted by an ion col- 

55 lector removed from the implantation chamber. 

In accordance with a preferred embodiment of the 
invention, the magnet deflects the ions during implan- 
tation and is de-activated so that all ions, both those 
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having the right mass for implantation and ions having 
other masses are directed along a straight line path 
from the source to the ion collector. An Ion collector 
in this position can measure the ion beam while the 
source and its extraction geometry is adjusted for 
optimum operation, and can be used to confinm that 
source performance remains stable. 

Use of an ion beam collector located some dist- 
ance from the ion implantation chamber diminishes 
the contamination of the chamber due to ion sputter- 
ing. More specrfcally, during intervals when no 
implantation is taking place, a Faraday cup need not 
be positioned in the ion beam close to the implantation 
chamber to erode and contaminate the ion implan- 
tation chamber. 

An ion implanter using the beam collector can be 
switched back and forth between ion implantation and 
a "parked" position in a matterof a few seconds. The 
preferred collector can be cooled by routing a coolant 
next to surfaces of the collector impacted by ions. This 
reduces erosion of the collector. Additionally, the col- 
lector can be easily disassembled for cleaning. 

The collector can also be used to monitor ion 
beam cunrent and can calibrate ion beam perform- 
ance prior to implantation. During those time intervals 
when implantation is not occurring, ion beam current 
can be significantly reduced to a percentage of the 
implantation current. After wafer-handling steps have 
been performed to unload and load the wafers, the 
current is again increased to implantation levels and 
the magnet again turned on to bend ions having the 
proper mass back to the implantation trajectory. 

From the above, it is seen that one object of the 
invention is an improved ion implantation configu- 
ration designed to reduce particle contamination in 
the vicinity of the ion implantation chamber, while 
improving maintainability of the ion implantation sys- 
tem. Other objects, advantages and features of the 
invention will become better understood from the 
detailed description of one embodiment of the inven- 
tion which is described in conjunction with the accom- 
panying drawings. 

Brief Description of the Drawings 

Fig. 1 is a schematic depiction of an ion implanter 
for directing an ion beam to impact a workpiece 
such as a silicon wafer; and 
Fig. 2 is an enlarged plan view of an ion beam 
resolver or analysis magnet and associated ion 
beam collector or beam dump. 

Best Mode for Practicing the Invention 

Turning now to the drawings, Figure 1 depicts an 
ion implantation system 10 having an ion source 12 
and a beam analyzing magnet 14 contained within a 
high-voltage housing 16. An ion beam 20 emanating 



from the source 1 2 follows a controlled travel path that 
exits the housing 16 and enters an ion implantation 
chamber 22 positioned inside a second housing 24. 
The analyzing magnet 14 causes only those ions hav- 

5 ing an appropriate mass to form the ion beam 20. 
Along the travel path from the housing 16 to the cham- 
ber 22, the ion beam 20 passes through a high-vol- 
tage isolation bushing 26 that connects the magnet 14 
with the implantation chamber 22. 

10 The ion implantation chamber 22 is supported on 

a movable pedestal 28. This allows the chamber 22 
to be aligned relative to the ion beam. The ion beam 
impinges upon a wafer support 40 mounted for rota- 
tion about an axis 42. The wafer support 40 supports 

15 multiple silicon wafers around its outer periphery and 
moves those wafers along a circular path so that the 
ion beam 20 impacts each of the wafers and selec- 
tively dopes those wafers with ion impurities. High 
speed rotation of the support 40 is effected by a motor 

20 50 which rotates the support 40 after wafers have 
been positioned on the support. 

Additional details concerning an ion implantation 
system are contained in U.S. Patent 4,672,210 to 
Armstrong et al. The subject matter of this prior art 

25 patent is incorporated herein by reference. 

Semiconductor wafers are inserted into the ion 
implantation chamber 22 by a robotic arm 70 through 
a vacuum port 71 . The chamber 22 is evacuated by a 
vacuum pump 72 to the same pressure as the press- 

30 ure along the ion beam path. The robotic anm 70 trans- 
fers wafers back and forth between a cassette 73 for 
storing the wafers. Mechanisms for accomplishing 
this transfer are well known in the prior art. Two 
additional pumps 74, 76 evacuate the ion beam path 

35 from the source 12 to the implantation chamber 22. 

As seen in Figs. 1 and 2, ions exiting the source 
12 move along a generally straight line path into the 
magnet 14. As they exit the source the ions are accel- 
erated by electric fields set up by extraction elec- 

40 trodes 80 positioned outside a source exit aperture. 
The analyzing magnet 14 produces a magnetic field 
through which the ions pass after they exit the source 
12. This magnetic field bends ions to a normal implant 
trajectory 81 so that ions of the appropriate mass exit 

45 the analyzing magnet and may be further accelerated 
along a travel path leading to the implantation cham- 
ber. A magnet yoke 82 is seen in section and is 
bounded by field windings that are not seen in Fig. 2. 
An implanter control 83 situated within the housing 16 

50 adjusts the magnet field strength by controlling cur- 
rent in the magnet's field windings. 

The source 12 produces a larger fraction of ions 
having a mass different from the ions used for implan- 
tation. These unwanted ions are not bent by the 

55 analyzing magnet 14 through the same path as 
implantation ions and are therefore separated from 
the implantation trajectory. Heavy ions follow the 
trajectory 84, for example, depicted in Fig. 2, and 
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strike a target 86 attached to a magnet housing end 
plate 88. Since these higher nnass ions strike the plate 
86 at a position well removed from the ion implan- 
tation chamber 22, they are much less likely to con- 
taminate the implantation chamber. 

Ions that are lighter than those used for implan- 
tation follow a tighter radius trajectory 90 and strike a 
target 92. Both the targets 86, 92 tend to heat up as 
they are bombarded with ions. A coolant for dissipat- 
ing heat is routed through supports 87, 93 for the 
plates 86, 92 via couplings 94, 95. 

Turning to Fig. 1, a Faraday cup 110 is shown 
positioned along the beam travel path after the ions 
exit the magnet 14. In the prior art, when ion implan- 
tation was suspended, the magnet 14 continued to 
bend ions from the source 12 toward the implantation 
chamber 22. The Faraday cup 1 1 0 was used to inter- 
cept these ions and prevent them from reaching the 
implantation chamber 22. 

In accordance with the disclosed embodiment of 
the ion implantation system, the Faraday cup 110 is 
used only during beam set-up. More specifically, it is 
used to monitor ion beam current. The Faraday cup 
110 is not used to intercept ions during other time 
intervals. 

A beam collector 120 is positioned to collect ions 
moving along a straight line path from the source 12. 
During intervals when the ion beam 20 is not used for 
treating wafers, the magnet is turned ofT by the control 
83. The magnet 14 can be rapidly de-activated by 
switching off current to its windings. Those ions pas- 
sing through the magnet 14 without deflection follow 
a straight line path 122 through an anular graphite 
diaphragm 124 that defines an aperture 125. A valve 
126 can be opened and closed to provide access to 
the collector 120 for cleaning, etc. without affecting 
the vacuum maintained along the ion beam travel path 
by the pumps 72, 74, 76. 

The ions that pass through the valve 126 strike a 
cooled target plate 130. Ion beam current striking the 
plate 130 is monitored by a monitoring circuit within 
the implanter control 83 to check on beam stability or 
for beam adjustment prior to resuming the implant 
cycle. Monitoring circuits for monitoring beam cunrent 
are known in the prior art and are used, for example, 
in monitoring cunrent impinging on the Faraday cup 
110. The target plate 130 slowly disintegrates 
because of sputtering, or related effects, and most of 
the resulting debris collects in a container 132. A 
removable wall 134 attached to the container 132 by, 
for example, threaded connectors 136 can be 
removed to facilitate cleaning. 

The target plate 130 is cooled by routing suitable 
cooling fluids such as water into a target housing 140 
by means of a coupling 142. The coolant is forced 
through the housing into a region close to the target 
plate 130 where the coolant exchanges heat with the 
housing. Heat generated by the ion beam as it collides 



with the target plate 130 is removed by the coolant 
and is routed away from the housing via an exit con- 
duit through a coupling 150. Additional couplings 152, 
154 route coolant through the magnet housing end 

5 plate 88 and ion collector container 1 32. 

In proximity to the region of the collector 120, the 
magnet 14 supports an ion gauge 160 used to monitor 
pressure along the beam line. As noted above, the 
beam line evacuation may be maintained by closing 

10 the valve 126 as the collector 120 is cleaned. Since 
the strike plates 86, 92 are attached to the magnet 
housing, replacement of these plates does, however, 
require pressurization of the beam line. 

A preferred ion beam implanter and method of 

15 operating an ion beam implanter to reduce contami- 
nation of the implanter process chamber have been 
described. It should be appreciated that alterations 
and modifications from the preferred designs are 
possible. It is the intent that the invention encompass 

20 all such alterations and modifications falling within the 
spirit or scope of the appended claims. 



Claims 

25 

1. Ion implantation apparatus (10) comprising: 

a) an ion source (12) that emits ions for treat- 
ing one or more wafers at an ion implantation 
station; 

30 b) a beam resolver (14) for causing ions hav- 

ing an appropriate mass to follow a beam path 
to the ion implantation station and for causing 
other ions to exit the beam path before reach- 
ing the ion implantation chamber; and 

35 c) workpiece support structure (40) for sup- 

porting the one or more wafers at the ion 
implantation station; characterized by 

d) control means (83) coupled to the beam 
resolver for activating the beam resolver dur- 

40 ing implantation periods when wafers are 

being treated and adjusting the beam resolver 
at other time periods when wafers are not 
being treated; and 

e) an ion collector (120) for intercepting ions 
45 from the source during those other time 

periods when wafers are not being treated. 

2. The ion implantation apparatus of claim 1 wherein 
the beam resolver comprises a magnet for creat- 

50 ing a magnetic field that directs ions of the 

appropriate mass along a travel path to the 
implantation station and wherein the control 
means comprises means for controlling the field 
strength of the magnet to direct ions to the ion col- 

55 lector during the other time periods when wafers 

are not being treated. 

3. The ion implantation apparatus of claim 2 wherein 
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the ion collector comprises a sensor (130) for 
measuring ion current reaching the collector for 
calibrating ion beam performance. 

4. The ion implantation apparatus of claim 3 wherein 
the ion collector comprises a removable sensor 
(130) cooled by a liquid coolant routed to the 
removable sensor for dissipating heat energy 
caused by ion impact with the removable sensor. 

5. The ion implantation apparatus of claim 1 com- 
prising structure defining an evacuated beam 
transport region from the ion source to the work- 
piece support structure, means (72, 74, 76) for 
maintaining said beam transport region at a 
reduced pressure, and valve means (126) for 
separating the ion collector from the evacuated 
beam transport region to allow the ion collector to 
be disassembled without pressurizing the 
evacuated beam transport region. 

6. A method of implanting one or more target wafers 
with controlled concentrations of ions comprising 
the steps of: 

a) positioning one or more wafers at an 
implantation station to allow ions moving 
along an implantation trajectory to impact the 
wafers; 

b) causing ions emitted from an ion source to 
move along an initial trajectory; and 

c) generating a magnetic field to divert ions of 
an appropriate mass from the initial trajectory 
to the implantation trajectory; characterized 
by 

d) adjusting the magnetic field to cause the ion 
beam to impact an ion collector remote from 
the implantation station when ion implantation 
of the wafers is suspended. 

7. The method of claim 6 wherein the magnetic field 
is adjusted to allow the ions to follow the initial 
trajectory into the ion collector during those time 
periods ion implantation is suspended. 

8. The method of claim 6 wherein the positioning 
step comprises the steps of moving the target 
wafers into an implantation chamber (22), sup- 
porting the wafers for movement and periodically 
moving the wafers along a path which causes 
them to be impacted by ions from the ion source. 

9. Ion implantation apparatus comprising: 

a) an ion source (12) for emitting ions used in 
treating wafers at an ion implantation station; 

b) acceleration means (80) for accelerating 
ions from the ion source along a first travel 
path; 

c) an analyzing magnet (14) for diverting ions 



of an appropriate mass from the first travel 
path to an implantation trajectory leading to 
the ion implantation station and for deflecting 
other ions to non-implantation trajectories; 
5 and 

d) workpiece support structure (40) for sup- 
porting the one or more wafers at the ion 
implantation station; characterized by 

e) control means (83) coupled to the analyzing 
10 magnet for adjusting the magnetic field pro- 
duced by the analyzing magnet when wafers 
are not being treated to cause all ions to follow 
non-implantation trajectories; and 

f) ion collector means (120) positioned relative 
15 to the magnet for intercepting ions from the 

source following non-implantation trajec- 
tories. 

10. The ion implantation apparatusof claim 9 wherein 
20 the control means de-activates the analyzing 

magnet to allow all ions to follow the first travel 
path when wafers are not being treated and whe- 
rein the ion collector means includes structure 
aligned to intercept k>ns moving along the first 
25 travel path. 

11. The ion implantation apparatusof claim 9 wherein 
the analyzing magnet comprises a magnet hous- 
ing and wherein the ion collector means com- 

30 prises means coupled to the magnet housing to 

intercept ions both more massive and less mas- 
sive than those ions having the appropriate mass. 

12. The ion implantation apparatus of claim 10 whe- 
35 rein the structure aligned to intercept ions moving 

along the first travel path comprises a detachable 
container (132) having a target plate (130) to 
intercept ions and further comprising means for 
monitoring ion beam current striking the target 
40 plate. 
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